






Field evaluation of Melilotus albus and 
Melilotus officinalis genotypes in 
tropical highland, Ethiopia 









CGIAR is a global partnership that unites organizations engaged in research for a food-secure future. The CGIAR 
Research Program on Livestock provides research-based solutions to help smallholder farmers, pastoralists and agro-
pastoralists transition to sustainable, resilient livelihoods and to productive enterprises that will help feed future 
generations. It aims to increase the productivity and profitability of livestock agri-food systems in sustainable ways, 
making meat, milk and eggs more available and affordable across the developing world. The Program brings together 
five core partners: the International Livestock Research Institute (ILRI) with a mandate on livestock; the International 
Center for Tropical Agriculture (CIAT), which works on forages; the International Center for Research in the Dry Areas 
(ICARDA), which works on small ruminants and dryland systems; the Swedish University of Agricultural Sciences (SLU) 
with expertise particularly in animal health and genetics and the Deutsche Gesellschaft für Internationale 
Zusammenarbeit (GIZ) which connects research into development and innovation and scaling processes. 
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Melilotus, also known as sweet clover, is a genus in the Fabaceae, or legume, family 
that consists of 19 species, of which the most widely cultivated species are Melilotus 
albus and Melilotus officinalis (Aboel-Atta et al., 2019). Both M. albus (white sweet 
clover) and M. officinalis (yellow sweet clover) are primarily used as fodder but also as 
medicinal plants (Stevenson, 1969; Plesca-Manea et al., 2002). These two melilotus 
species are nutritious, like alfalfa, and a provide good source of energy with potential 
to support increased livestock productivity in tropical and subtropical environments. 
This legume is also characterized by the presence of an anti-nutritional factor called 
coumarin, which can be converted to dicoumarol and is known to cause grazing 
livestock to haemorrhage (internal bleeding) (Cong et al., 2012; Zhang et al., 2018). In 
addition, this substance is associated with the development of a bitter taste of the 
melilotus plant parts that is used as a means for the plant to discourage consumption by 
animals (Zhang et al., 2018). To develop an improved melilotus cultivar that provides 
high biomass yield with lower coumarin content, an extensive agronomic and molecular 
analysis and evaluation of M. albus and M. officinalis genotypes is being carried out by 
researchers of Lanzhou University, College of Pastoral Agriculture Science and 
Technology, China (Luo et al., 2016; Luo et al., 2018). To exploit and understand the 
genotype by environment effects on general plant performance and coumarin content 
of M. albus and M. officinalis species, a collaborative research study was initiated and 
implemented by the Feed and Forage Development (FFD) program, ILRI, Ethiopia and 
Lanzhou University. Thus, field evaluation of M. albus and M. officinalis genotypes 
was conducted to assess the performance of 27 genotypes that consisted of 25 half sibs 
and two check genotypes, one from each species. The experiment was laid out using a 
randomized block design in three replications, with 26 plants for each plot in a replicate 
sown at 60 cm between rows and 30 cm between plants within a row, in January 2020 
at ILRI, Addis campus. The genotypes were evaluated for morphological (plant height, 
tiller number and stem thickness) and biomass yield (fresh weight and dry weight) 
performance. At harvest, two or three randomly selected plants, based on availability, 
were cut and weighed to measure fresh yield (FY) from each replicate. The weighed 
plant samples were oven dried (60° C in 48 hours) to determine the dry matter yield 
(DMY). The FY and DMY are presented on a gram per plant basis.  
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Major findings 
The Addis campus is in the central highlands of Ethiopia and is characterized by a 
vertisol type of soil and high precipitation in the main rainy season that runs from June 
to September, which can trigger water logging conditions in farmlands. To avoid the 
water logging problem during the seedling emergence and establishment stage, planting 
was conducted in the dry season with the support of irrigation. Hence, most of the plants 
were well established before the on-set of the main rainy period (Figure 1). 
 
Figure 1. Field establishment of: A) Melilotus albus and; B) Melilotus officinalis species in ILRI Addis, Ethiopia. The upper lane 
shows seedling establishment before exposure to the rainy season while the lower lane shows plant survival following the 
water logging conditions. 
 
The established plants were exposed to the rainy summers, in which the seedlings of 
both species were affected by high soil moisture during the rainy season. The number 
of seedlings survived per genotype varied with between two and eight plants surviving 
for M. albus, and between one and five plants surviving for the M. officinalis species 
(Figure 1). In M. albus, three genotypes, namely G4, G8 and G19 were completely lost 
while in M. officinalis six genotypes, namely G5, G8, G10, G19, G22 and G26 were 
lost.  
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In M. albus, the second-year plant height (PH) of the genotypes range was between 0.5 
metre (m ) and 2.2 m. In addition, a marked negative association was observed between 
the tiller number (TN) and the stem thickness (ST), for example G23 had the highest 
TN but had the lowest ST while G26 had the lowest TN and highest ST. In line with 
herbage yield (FY and DMY), genotypes G26 and G6 produced the highest yield 
(Figure 2).  
 
Figure 2. A) Biomass yield (fresh yield and dry matter yield); B) relative contribution of plant height (PH), tiller number (TN) 
and stem thickness (ST) of Melilotus albus genotypes. 
 
In M. officinalis, PH of the genotypes range was between 0.6 m to 1.5m. Similarly, 
there was a marked negative association between the tiller number (TN) and the stem 
thickness (ST), in which G4 had the highest TN but had the lowest ST while G18 had 
the lowest TN and highest ST. Genotypes G21 and G24 were found to be the highest 
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Figure 3. A) Biomass yield (fresh yield and dry matter yield); B) relative contribution of plant height (PH), tiller number (TN) 
and stem thickness (ST) of Melilotus officinalis genotypes. 
 
Overall, the field evaluation of the melilotus species under highland tropical conditions 
indicated the presence of genetic variation for the production performance and 
adaptability for heavy rainfall environments. In addition, the variation in herbage yield 
and morphological parameters is indicative of an opportunity for improvement of these 
traits through selection and breeding. Furthermore, the morphological traits and their 
contribution to plant growth and development underpin the need of plant management 
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